Introduction
Chronic pain is a leading cause of disability in the US and worldwide [1] [2] [3] [4] [5] [6] [7] [8] and a frequent reason for consultations with primary care and specialty clinicians. [9] [10] [11] [12] [13] [14] Among Treatment goals for chronic pain focus on effective pain relief, improved quality of life, and enhanced functional ability. 14, 27, 28 Medications, including opioids and nonsteroidal anti-inflammatory drugs (NSAIDs), are commonly prescribed for chronic pain. 29 The imperative to effectively treat patients with chronic pain, the established efficacy of opioid analgesics for pain management, and limited therapeutic alternatives to opioids are considered factors contributing to the overutilization of opioid medications in the US. 30 The number of prescriptions for opioids and other controlled substances increased dramatically in recent years. During this time, rates of misuse, overuse, diversion, abuse, addiction, and death also escalated. [30] [31] [32] [33] [34] [35] Together, these events prompted a national initiative to develop more effective regulatory policies and implement clinical strategies to safely and effectively manage pain. 36 These efforts included national guidelines for clinicians, 37 policy reports and recommendations by the US Surgeon General, 38 and the development of the National Pain Strategy. 39 One component of these efforts focused on topical agents, which have the potential to provide analgesic effects without the risk of abuse, misuse, and addiction or systemic adverse events (AEs) associated with oral analgesics. [40] [41] [42] [43] [44] Topical medications lower the risk of systemic AEs and drug-drug interactions, have limited systemic absorption, offer simple dose determination, provide direct access to the target site, and are easy for patients to apply. 43, [45] [46] [47] A systematic review concluded that topical analgesics have an important place in the management of acute and chronic pain conditions and warrant further study. 29 Similar results are reported for the use of topical NSAIDs for the treatment of musculoskeletal conditions. 48, 49 The Optimizing Patient Experience and Response to Topical Analgesics (OPERA) study evaluated the effect and safety of topical analgesic formulations on changes from baseline in overall mean pain severity and interference pain scores and the use of concurrent pain medications at 3-and 6-month assessment intervals in patients with chronic pain conditions. Changes in severity and interference scores and pain medication usage were also compared between patients treated with topical agents and two separate groups of patients who did not receive topical therapy.
Methods study design
This was an exploratory, prospective, observational study of patients who were prescribed one of four formulations of a topical pain medication. This nonprobability sample formed the overall intervention group (IG). In order to compare changes in pain severity and interference and the use of concurrent pain medications between patients treated with a topical agent and those not administered a topical medication, a convenience sample of patients was included. These patients met the study eligibility criteria, consented to participate in this study, and completed follow-up assessments but did not receive a topical agent. This group formed the unmatched control group (unmatched-CG) for comparison with the overall unmatched intervention group (unmatched-IG). A subset of patients in the unmatched-CG was matched retrospectively with patients in the unmatched-IG on sex, primary pain complaint, and age (±5 years), forming a matched control group (matched-CG) and a matched intervention group (matched-IG).
The study was performed in full accordance with the rules of the US Health Insurance Portability and Accountability Act of 1996 and the principles of the Declaration of Helsinki and the International Council for Harmonisation/ Good Clinical Practice. The study protocol was approved by the IntegReview Institutional Review Board.
Patients
Physicians at the 85 participating clinical sites in the US invited eligible patients to enroll in this study. Inclusion criteria were the following: 1) age 18-64 years; 2) currently experiencing chronic pain attributed to any cause including neurological disorders, musculoskeletal disease, or other medical conditions; 3) a current prescription for topical (cream or patch) pain medication(s); and 4) insurance benefits to cover the costs of prescribed medication(s). Patients were ineligible if they had a current or past history of misuse of 
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Study participants provided written informed consent at enrollment. Physicians and patients were assigned unique identification numbers to allow a linked analysis of patientand physician-completed surveys. Aggregated patient and physician survey data were submitted to Clarity Science with no identifying information about patients or clinicians recorded on submitted surveys.
Patients could withdraw from this study at any time during the 6-month follow-up period, with the assurance of no harmful or unfavorable impact on their medical care. All diagnostic tests and treatment decisions were made at the discretion of physicians, with no tests, treatments, or investigations performed as part of this study.
Topical intervention
Four classes of prescription compounds were prescribed based on the major constituent in each formulation. These included compounds consisting primarily of 1) diclofenac, 2) ketoprofen, 3) flurbiprofen, or 4) other formulations not containing an NSAID. At the discretion of prescribing clinicians, the compounds could be combined with nonprescription neuropathic supplements including L-carnitine, lipoic acid, methyl B-12, pyridoxal-5-phosphate, folinic acid, vitamin D3, or magnesium chloride, which may or may not have analgesic properties themselves. Physicians recorded the compounded topical agent on prescription order forms, and a unique patient identification number was assigned to match the prescription to each patient.
study procedures and assessments
Patients completed baseline surveys at the time of study enrollment and 3-and 6-month follow-up surveys. Patients responding to the baseline and 3-and 6-month follow-up surveys in the unmatched and matched IGs and CGs were not always the same, with some patients completing only one of the two follow-up assessments and others completing all three assessments. Those who responded only to the 3-month assessment comprised the 3-month follow-up group, while patients who responded to both the 3-and 6-month surveys or just the 6-month assessment formed the 6-month followup group.
The baseline and follow-up surveys of patients included questions to assess the primary pain complaint categorized as 1) arthritis, 2) neuropathy or radiculopathy, 3) myofascial or musculoskeletal pain, 4) tendonitis, or 5) other type of pain complaint. Patients indicated the location of each pain complaint, such as hands, elbow, wrist, feet, hips, knees, neck, shoulders, back, and other. They could indicate more than one type of pain complaint affecting multiple locations.
Patients completed the Brief Pain Inventory short form (BPI-sf) 50 at each assessment, with all surveys completed during the usual 8-hour business interval for a medical clinic. The BPI-sf is a commonly used measure of pain for diverse conditions, including cancer, musculoskeletal disorders, depressive conditions, and surgical pain. The BPI-sf is recommended for use in clinical trials of patients with chronic pain 27 and has adequate internal consistency, acceptable-toexcellent test-retest reliability, satisfactory-to-good construct validity, criterion validity, and is sensitive to change. [51] [52] [53] [54] Pain ratings are on a 0-10 numerical scale, with 0 equal to no pain and 10 equal to pain as bad as one can imagine. The BPI-sf yields an overall score for pain severity and pain interference as well as a score for each of the questions comprising the overall severity and interference measures. Patients receiving the topical therapy also indicated any side effects they experienced while using the formulation.
Patients also reported if they took any additional medication(s) for pain relief at the time of the baseline survey and during the 3 days prior to completion of the follow-up surveys. These concurrent medications included over-the-counter (OTC) agents (eg, ibuprofen, naproxen, or acetaminophen), prescription NSAIDs (eg, naproxen sodium, celecoxib, meloxicam), prescription opioids (eg, fentanyl, hydrocodone, hydromorphone, morphine, or oxycodone), or prescription anticonvulsants (gabapentin or pregabalin). Patients could indicate more than one type of medication in these four classes.
All patient surveys were voluntarily and independently completed with no input or direction from treating physicians or other clinic staff. Completion of each of the surveys took approximately 10 minutes. Patients may have been compensated up to $25 for time or travel expenses associated with study participation at the discretion of the investigator.
study end points
There were two primary end points and five secondary end points. The first primary end point evaluated changes from baseline within the unmatched-IG in the mean BPI-sf severity and interference scores for the 3-and 6-month follow-up groups. The second primary end point examined changes from baseline within the unmatched-IG in patient-reported use of concurrent pain medication(s) for the 3-and 6-month follow-up groups.
Secondary end points included the following: Patient-reported changes from baseline in the use of concurrent medications were categorized as de-escalation, escalation, or no change, with the data reported as frequencies and percents. The number of patients in the study groups who used anticonvulsants at baseline was not sufficient to evaluate changes at the 3-and 6-month follow-up ( Table 1) . The assessment of de-escalation, escalation, and no change included only patients who reported changes in the use of opioids, prescription NSAIDs, and OTC pain medications. De-escalation was defined as a reduction in the use of one or more classes of medications at the follow-up surveys compared to the class or classes of medications indicated at baseline. For example, patients who reported the use of one, two, or three of the classes of medications at baseline and then indicated a decrease to none, one, or two concurrent medications, respectively, in the 3-and 6-month follow-up groups were categorized under de-escalations. An escalation was defined as the addition of a medication class at a follow-up assessment compared to the class or classes of medications indicated at baseline. For example, patients who reported none, one, or two concurrent medications at baseline and subsequently reported use of one, two, or three classes of medications, respectively, in the 3-or 6-month assessment groups were categorized under escalations. Under no change in concurrent medication use were included all patients who reported no changes in the class of pain medication used at baseline compared to the class or classes of medications indicated in the 3-or 6-month follow-up groups.
The Mann-Whitney test compared changes in BPI-sf severity and interference scores from baseline between the unmatched-IG and unmatched-CG for the 3-and 6-month groups. The Wilcoxon signed-rank test for continuous data evaluated changes in the BPI-sf severity and interference scores from baseline within the unmatched-IG and between the matched-IG and matched-CG for the 3-and 6-month follow-up groups. Results for each analysis were reported as mean, SD, statistic, and 95% confidence interval for the difference from baseline to the 3-month follow-up and baseline to the 6-month follow-up. Fisher's exact test for categorical data evaluated changes from baseline between the unmatched-IG and the unmatched-CG in the type of concurrent pain medication reported by the 3-and 6-month followup groups. The McNemar test for categorical, matched data evaluated the changes from baseline between the matched-IG and matched-CG in the type of concurrent pain medication reported by the 3-and 6-month assessment groups.
A two-tailed alpha was set to 0.05 for all statistical comparisons. All analyses were performed with SPSS v. 23.
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Results
Baseline demographic and clinical characteristics of patients
A total of 631 patients enrolled in the unmatched-IG at baseline and completed a 3-month follow-up assessment, which formed the 3-month follow-up group. There were 158 patients in the unmatched-IG who completed the 6-month assessment, comprising the 6-month follow-up group. The unmatched-CG included 76 patients who provided baseline and follow-up data at the 3-month assessment (3-month group) and 51 patients who responded to the baseline and 6-month follow-up surveys (6-month group). A total of 76 matched patients comprised the matched-IG and the matched-CG for the 3-month follow-up group, and 36 matched pairs were included in the 6-month group.
Demographic characteristics were similar between the unmatched-IG and unmatched-CG in both follow-up groups, with a mean age of 46. unmatched-CG at baseline were 45.4 and 43.2 years, respectively, in the 3-and 6-month follow-up groups. The matched-IG and matched-CG were similar to the unmatched-IG and unmatched-CG with respect to age, sex, and geographic location in both follow-up groups ( Table 1) . The most frequently prescribed topical formulation at baseline for patients in the unmatched-IG was diclofenac, at 44.4% of those in the 3-month group and 48.1% of the 6-month group. Approximately one-half of patients in the matched-IG were prescribed a diclofenac-based formulation at baseline in both the 3-and 6-month follow-up groups.
An OTC agent was the class of concurrent pain medication that was the most frequently reported at baseline by patients in the 3-and 6-month follow-up groups for unmatched-IG, unmatched-CG, matched-IG, and matched-CG. Use of an opioid alone or in combination with an OTC, a prescription NSAID, or an anticonvulsant at baseline was reported by 19.2% of the unmatched-IG in the 3-month assessment group and 19.6% of those in the 6-month group. Use of an opioid alone or in combination with other medications at baseline was reported by 3.9% and 9.9% of patients in the unmatched-CG in the 3-and 6-month assessment groups, respectively. Use of opioid monotherapy or in combination with either an OTC, prescription NSAID, or anticonvulsant at baseline was reported by 14.5% of the matched-IG and 3.9% of the matched-CG in the 3-month group and 8.4% of the matched-IG and 11.2% of the matched-CG in the 6-month group (Table 1) . Patient responses regarding their primary pain complaint at baseline were heterogeneous for the unmatched-IG and unmatched-CG and the matched-IG and matched-CG in the 3-and 6-month assessment groups (Table 2) .
Baseline Brief Pain inventory scores
The overall mean pain severity scores at baseline were similar between the unmatched-IG and unmatched-CG, with a mean score of 4.8 for the unmatched-IG and 4.3 for the unmatched-CG for the 3-month group and similar results for the unmatched-IG (4.7) and unmatched-CG (4.4) for the 6-month assessment group. The overall mean pain interference scores at baseline were 4.5 and 4.2 for the unmatched-IG for the 3-and 6-month groups, respectively, compared to 3.2 and 3.3, respectively, for the unmatched-CG in the 3-and 6-month groups.
Evaluation of the overall pain severity score at baseline revealed a mean score of 4.6 and 4.3, respectively, for the matched-IG and matched-CG in the 3-month assessment group and 4.6 for both the matched-IG and matched-CG in the 6-month follow-up group. Baseline overall mean pain interference scores were 4.3 for the matched-IG and 3.2 for the matched-CG respondents in the 3-month group, changing slightly to 4.0 in the matched-IG and 3.6 in the matched-CG for those in the 6-month assessment group (Table 3) .
change from baseline in the mean pain severity and interference scores within the unmatched-ig Evaluation of changes in overall mean pain severity and pain interference scores within the unmatched-IG revealed statistically significant decreases from baseline for both the 3-and 6-month follow-up groups (P<0.001 for both groups). The overall mean pain severity score decreased from 4.8 at baseline to 3.3 with a similar decline in the overall mean pain interference score for the 3-month follow-up group ( Figure 1A ). Statistically significant reductions in pain severity and interference (P<0.001 for both end points) were also evident for the 6-month follow-up group of patients in the unmatched-IG ( Figure 1B ).
change from baseline in the overall mean pain severity and interference scores between the unmatched and matched 3-and 6-month follow-up groups Evaluation of the mean change from baseline in the overall pain severity score in the 3-month follow-up group revealed a decrease of 1.5 in the unmatched-IG compared to a decrease of 0.2 in the unmatched-CG (P<0.001). There was a mean decrease in the overall pain severity score of 1.9 in the unmatched-IG and an increase of 0.2 in the unmatched-CG (P<0.001) for the 6-month group (Figure 2A) . The change from baseline in the overall interference score for the 3-month follow-up group was a decrease of 1.8 for the unmatched-IG and an increase of 0.6 (P<0.001) in the unmatched-CG ( Figure 2B ). Among the 6-month follow-up group, the mean change from baseline in the overall interference score for the unmatched-IG was a decrease of 2.2, which was significantly different (P<0.001) from the mean increase of 1.4 in the unmatched-CG ( Figure 2B ).
Restricting the analysis to the matched-IG and matched-CG revealed a similar pattern in the mean change from baseline for the 3-and 6-month follow-up groups for overall pain severity scores, with statistically significant differences evident in both groups (P=0.001 for both comparisons; Figure 3A) . Similarly, the mean change from baseline in overall pain interference score was a 2-point decrease in the Table 3 Baseline Brief Pain inventory scores for overall severity, severity questions, overall interference, and interference questions for the unmatched and matched intervention and control 3-and 6-month follow-up groups change from baseline in the use of concurrent pain medications between the unmatched and matched 3-and 6-month follow-up groups
More than one-half (53.6%) of patients in the unmatched-IG reported a de-escalation in the use of concurrent pain medication compared to 4.0% of patients in the unmatched-CG for the 3-month group (P<0.001; Figure 4A ). The percentage of de-escalations increased to 60.0% in the unmatched-IG and 5.9% in the unmatched-CG in the 6-month assessment group (P<0.001; Figure 4B ). Medication escalation was reported by 10.0% of patients in the unmatched-IG and 52.0% of those in the unmatched-CG in the 3-month group (P<0.001; Figure 4A ), which was similar to the changes in the use of concurrent medications in the unmatched-IG and unmatched-CG for the 6-month assessment group (P<0.001; Figure 4B ). No change in patient-reported use of concurrent pain medications was reported by 36.4% of the unmatched-IG and 44.0% of those in the unmatched-CG in the 3-month follow-up group (P=0.206; Figure 4A ), with similar percentages of patients reporting no change in the 6-month assessment group (P=0.234; Figure 4B ). The analysis of changes in the use of concurrent pain medications for the matched-IG and matched-CG revealed similar results, with significantly more patients in matched-IG reporting a de-escalation in the use of concurrent medications and a significantly higher percentage of patients in the matched-CG indicating an escalation in medication use in the 3-month follow-up group (P<0.001; Figure 5A ), with similar 
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a prospective, observational study of topical analgesics for chronic pain results for the 6-month assessment (P=0.001; Figure 5B ). There were no statistically significant differences in the percentage of patients in the matched-IG and matched-CG who reported no change in medication use at the 3-and 6-month follow-up assessments.
safety
Less than 1% (0.5%) of patients in the unmatched-IG reported a skin rash, with no AEs or SAEs reported by clinicians at the participating study sites.
Discussion
This is a report of the final results of the OPERA study, a prospective, non-randomized study of patients with chronic pain who were treated with compounded topical analgesics.
Patients reported several types of chronic pain as their primary complaint, including neuropathic, arthritic, and musculoskeletal pain. They also indicated a variety of medical treatments for chronic pain at baseline, including OTC agents, prescription NSAIDs, opioids, anticonvulsants, or combinations of these four classes. Based on the anchors for the BPI-sf pain scores, patients experienced pain that was of moderate severity. A recent systematic review noted that many trials of topical analgesics relied on a short duration of follow-up to evaluate efficacy and safety. 29 In the present study, data were collected from patients at baseline and at 4-week intervals thereafter through 6 months. Changes in the BPI-sf and use of concurrent pain medications at the 3-and 6-month follow-up intervals were evaluated to assess the long-term safety and effectiveness of topical analgesics for the treatment of chronic pain. Sustained evidence of clinical benefit is essential if topical analgesics are used to offer patients and clinicians a safe, effective, feasible, and acceptable treatment for chronic pain.
The study showed that treatment with compounded topical analgesics led to a reduction in mean scores for overall pain severity and interference within the unmatched-IG in the 3-and 6-month assessment groups, with a trend for longer duration of topical therapy to improve overall mean pain severity and interference scores on the BPI-sf. Analysis of the secondary end points demonstrated statistically significant reductions in the mean change from baseline to the 3-and 6-month follow-up groups in overall severity and interference scores between the unmatched-IG and unmatched-CG. Samples of unmatched-IG and unmatched-CG patients were matched on sex, primary pain complaint, and age and were compared to validate study results. The comparison of mean changes from baseline in overall pain severity and interference scores between the matched-IG and matched-CG in the 3-and 6-month assessment groups was consistent with the comparison of the unmatched-IG and unmatched-CG, thereby offering additional support for the pain-relieving effects of compounded topical analgesics.
Importantly, a significantly higher percentage of patients in the unmatched-IG and matched-IG reported de-escalation of their use of concurrent pain medications in both the 3-and 6-month assessment groups, while patients in the unmatched-CG and matched-CG were significantly more likely to report escalation of their use of concurrent medications. The vast majority of patients reported no side effects associated with the topical therapy.
The dramatic increase in opioid use of 1,448% from 1996 to 2011, with increases of 690% from 1996 to 2004 and 100% from 2004 to 2011, 32 is considered a major contributing factor in the development of a public health problem characterized by increased demand for opioids and rising rates of misuse, overuse, diversion, abuse, addiction, and death. [30] [31] [32] [33] [34] [35] Although effective for the relief of pain, opioids and other types of oral analgesics also frequently result in AEs, including potentially fatal respiratory depression, addiction, pruritus, nausea, and constipation. [56] [57] [58] [59] [60] Oral NSAIDs can also cause serious AEs, including gastrointestinal bleeding, cardiovascular complications, and renal dysfunction or failure. [61] [62] [63] [64] [65] [66] While topical NSAIDs are associated with a higher incidence of local AEs, the occurrence of gastrointestinal events is significantly lower compared to oral NSAIDs. 67 Results from this exploratory study suggest that topical analgesics may provide an effective and safe treatment alternative to opioids and prescription NSAIDs for the management of chronic pain. Topical compounded formulations warrant further evaluation in randomized, controlled, blinded clinical trials to more rigorously evaluate their efficacy and safety for this indication.
limitations
This was an exploratory study based on a nonprobability sample of patients attending diverse clinical settings for the treatment of chronic pain who consented to participate in this study. The use of a convenience sample consisting of patients who volunteered for study participation is subject to concerns about bias. It was not the primary purpose of this study to identify the optimal agent or compare the efficacy of specific analgesics or combinations of topical agents. These findings are representative of patients who consulted a primary care physician or specialist for the treatment of 
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gudin et al chronic pain, which may limit the generalizability of the results to the general population of individuals with chronic pain who might not be seeking primary or specialty medical care. However, minimal eligibility criteria were imposed on subject participation to increase the likelihood that patients would be representative of the general population of patients with chronic pain.
There is also the possibility of differences between patients who agreed to undergo treatment with the topical analgesic and those who declined or were not prescribed this therapy. There were differences between the unmatched-IG and unmatched CG in baseline measures of type of primary pain complaint, overall mean pain severity and interference scores and subscales, and self-reported use of concurrent pain medications. Therefore, generalizability of the findings may be limited to those who accepted topical therapies. However, the statistical comparison of the matched-IG with the matched-CG on BPI-sf scores and use of concurrent pain medications yielded results that were similar to those for the unmatched-IG and unmatched-IG. This finding suggests that these results accurately represent changes from baseline in overall pain severity and interference scores and use of concurrent pain medications in both the 3-and 6-month follow-up groups.
Pain complaints and changes in use of concurrent medications were reported by patients rather than based on physician assessment, which may introduce bias in reporting. However, patient questions focused on current or recent circumstances, which was intended to reduce recall bias. Not all patients in the unmatched-IG and unmatched-CG completed the baseline and both follow-up assessments, with some patients completing the baseline and only one of the two follow-up surveys. This lack of consistency in the composition of the unmatched-IG and unmatched-CG could affect the accuracy of reporting these results.
Finally, less than 1% of patients reported a rash that was thought to be caused by the topical agent. This rate of AEs is lower than the frequency of AEs reported in earlier studies evaluating topical analgesics for the treatment of chronic pain. 68, 69 One possible explanation for our low rate of AEs is that compound manufacturers typically manufacture their products with a goal of being as reactively inert as possible. A randomized controlled trial will more accurately characterize the safety profile of topical analgesics.
Conclusion
These results suggest that the topical analgesics are effective and safe for the relief of moderately severe chronic pain attributed to arthritis, neuropathic conditions, and musculoskeletal disorders. Reductions in the interference of pain with activities of daily living were also noted. Importantly, the topical compounded formulations were associated with reductions in the use of concurrent pain medications, including oral opioid analgesics. Randomized, controlled trials will confirm the efficacy and safety results reported here.
